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Foreword 


This book is designed to help people to understand Astronomy and Cosmology. 
It's specifically designed for anyone who is interested in learning the mysteries of 
the universe. | have described and explained most phenomena using as 
minimum mathematics as possible. This is to allow anyone to understand the 
subject without having to re-think twice on whether they will understand or not. 
The contents found in this book may not be reproduced, duplicated or 
transmitted without direct permission from the author. Disclaimer Notice: Please 
note that the information contained within this document is for educational 
purposes only. All effort has been executed to present information which is up to 
date, accurate and reliable 
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History and Significance of Telescopes 


Early Studies (Pre-1608): 


While the exact origins remain hazy, the seeds of telescopic thinking were sown 
long ago. Around 500 BC, the Greek philosopher Euclid described the magnifying 


properties of spheres, and medieval Arabic scholars like Ibn al-Haytham explored 


optics further. 


Dawn of the Telescope (1608): 


The year 1608 marks the official birth of the telescope. In the Netherlands, 
spectacle-makers Hans Lippershey, Zacharias Janssen, and Jacob Metius 
independently crafted the first telescopes, using convex and concave lenses to 
magnify distant objects. 


Galileo's Grand Stage (1609): 


Enter Galileo Galilee in 1609. He not only improved upon the Dutch design but 
also turned his telescope skyward, making groundbreaking observations of the 
Moon, Jupiter's moons, and Venus' phases. These discoveries challenged the 
geocentric model and sparked the Scientific Revolution. 


Refining the View (17th & 18th Centuries): 


Isaac Newton perfected the reflecting telescope in 1668, using mirrors instead of 
lenses to overcome chromatic aberration (color fringing). Edmund Halley 
identified Neptune in 1712 using a reflecting telescope. 


Giant Leaps Forward (19th & 20th Centuries): 


The 19th century saw the construction of giant telescopes like the Leviathan in 
England (1845) and the Yerkes Observatory telescope in the US (1897). These 
behemoths allowed astronomers to delve deeper into the cosmos, discovering 
galaxies beyond our own Milky Way. 


Reaching for the Stars (20th & 21st Centuries): 


Celestial Revolution: 


The 20th century ushered in a new era with radio telescopes, capturing cosmic 
radio waves, and Hubble Space Telescope's launch in 1990, providing 
breathtaking views of the universe. Today, giant ground-based telescopes like 
Keck Observatory in Hawaii and space-based marvels like James Webb Space 
Telescope push the boundaries of astronomical observation. 


Planets 


A planet is a spherical body in space which is made up of different materials and 
orbits surrounding a central star. Certain sizes and properties make astronomers 
decide on which a planet is and which is not. 


According to their orbits, planets fall into two classes: the inner planets (Mercury, 
Venus, Earth, and Mars) are Earthlike, and the outer planets (Jupiter, Saturn, 
Uranus, and Neptune) are Jupiter like. 


Terrestrial Planets 


The four inner planets are called terrestrial planets. 

- Relatively small: Earth is the largest 

- Low mass: Earth is the heaviest 

- High densities (4000 to 5500 kg/m3) with iron cores 

- Composed primarily of rocky materials with solid surface 


Jovian Planets 


The four gas giant outer planets are called Jovian planets 

- Large diameters (4 to 11 times Earth’s size) 

- High mass (14 to 318 times Earth’s mass) 

- Low average densities (700 to 1700 kg/m3) 

- Composed primarily of hydrogen and helium without a solid surface 
Jupiter is the largest and the most massive. 


Pluto - special case: 


Pluto is no longer a planet 

Thus it's a special case when we are considering it since not everyone may 
appreciate that since most people used to know it as a planet. 

It is smaller than any of the terrestrial planets 


Pluto's has an intermediate average density of about 1900 kg/m3 
Its density suggests it is composed of a mixture of ice and rock 


Determination of the composition of planets 


The average density gives a rough idea of the composition of a planet. 


Density = mass / Volume 


Average density of water: pwater 
Average density of metal: pmetal 


1000 kg/m3 
13,000 kg/m3 


Average density of rock: prock = 3000 kg/m3 


The terrestrial planets (9 = 4000-5500 kg/m3) are made of 
rocky materials and have dense iron cores. 

The Jovian planets (9 = 700-1700 kg/m3) are composed 
primarily of light elements such as hydrogen and helium. 


Planets and their moons 


All the planets in our solar system except Mercury and Venus have satellites. 
There are more than 130 satellites are known. Jupiter has more than 60. 
Seven large satellites are almost as big as the terrestrial planets. 

Ganymede and Titan are the largest moons and Titan has an atmosphere. 


A planet with a magnetic field indicates a fluid interior in motion. 


Planetary magnetic fields are produced by the motion of electrically conducting 
liquids inside the planet. 

This mechanism is called a dynamo. 

If a planet has no magnetic field, that is evidence that there is little such liquid 
material in the planets interior or that the liquid is not in a state of motion. 


The magnetic fields of terrestrial planets are produced by metals such as iron in 
the liquid state. 

Mercury and Earth have global magnetic field. 

Mars has magnetized regions. 

Magnetic field is not found in Venus, maybe due to its slow rotation. 


The stronger fields of the Jovian planets are generated by liquid metallic 
hydrogen (Jupiter & Saturn) or by water with ionized molecules dissolved in it 
(Uranus and Neptune). 

Jupiter, Saturn, Uranus and Neptune all have global magnetic field. 

Jupiter has the strongest magnetic field among all planets. 


Determination of the properties of the planets 


Orbit period: 

It is seen by direct observation 
Distance: 

Determined by parallax, Kepler’s third law 
Diameter: 

direct observation of angular size, and small-angle formula 
Mass: 

Newton’s form of Kepler’s third law 
Density: 

Mass/volume 

Chemical composition: 


Density, spectroscopic observation (can diagnose atmosphere and surface 
Composition) 


Magnetic fields: 
Magnetometer observation, radio observation 


Internal structure: 


Inferred from craters, magnetic fields, quakes. 


Ever since our childhood we have been scared by news on how some rocks from 
space may hit the earth. So what are really these rocks? Do they have an ability 
to wipe the whole Earth's populations upon time of impact? 


Some theorists suggest that when the dinosaurs because extinct from the 
surface of the earth, it was because of these materials from outer. 


Earth Impacts 


Asteroids and comets have hit Earth. 

A major impact is only a matter of time: not IF but WHEN. 
Major impacts are very rare. 

Extinction level events happen millions of years apart. 
Major damage happens tens to hundreds of years apart. 


Asteroids 


These are rocky materials which are space remains and debris from different 
processes in our solar system. 

They are mostly found in the broad space between Mars and Jupiter, a region of 
the solar system called the asteroid belt. 

Trojan asteroids follow Jupiter's orbit. 

The largest asteroid is called Ceres; its diameter is approximately 1000 
kilometers. 

The orbits of near-Earth asteroids cross Earth's orbit. 


Why can't we see these from Earth? 


They are too small to be seen without a telescope; asteroids were not 
discovered until the beginning of the 19th century. This was the time when 
telescopes were also starting to be made and used for astronomy. 


What are asteroids like? 


They are rocky, small, potato-shaped leftovers from the era of planet formation. 


Why is there an asteroid belt? 


Jupiter’s gravity prevented planetesimals between Jupiter and Mars from forming 
a planet. 


Just as we have terrestrial planets and Jovian planets. We also have asteroids 
and comets. Which come in different radius ranges from the sun? 


Comets 


Formed beyond the frost line, comets are icy counterparts to asteroids. 
The nucleus of a comet is a "dirty snowball." 

Most comets do not have tails. 

Most comets remain perpetually frozen in the outer solar system. 

Only comets that enter the inner solar system grow tails. 


A coma is the atmosphere that comes from a comet's heated nucleus. 
A plasma tail is gas escaping from coma, pushed by the solar wind. 
A dust tail is pushed by photons. 


Comets eject small particles that follow the comet around in its orbit and cause 
meteor showers when Earth crosses the comet's orbit. 


Only a tiny number of comets enter the inner solar system. Most of them stay far 
from the Sun. 


Oort cloud: 
On random orbits extending to about 50,000 AU 


Kuiper belt: 
On orderly orbits from 30-100 AU in disk of solar system 


How did they get there? 


Kuiper belt comets formed in the Kuiper belt: flat plane, aligned with the plane of 
planetary orbits, orbiting in the same direction as the planets 


Oort cloud comets were once closer to the Sun, but they were kicked out there 


by gravitational interactions with Jovian planets: spherical distribution, orbits in 
any direction 


What are comets like? 
- Comets are like dirty snowballs. 
- Most are far from the Sun and do not have tails. 


- Tails grow when the comet nears the Sun and the nucleus heats up. 


Where do comets come from? 


- Comets in the plane of the solar system come from Kuiper belt. 
- Comets on random orbits come from the Oort cloud. 


Meteoroids, Meorite and Meteors 


Meteoroid: 
A rock in space 


Meteorite: 
A rock from space that falls through 


Earth's atmosphere 


Meteor: 
The bright trail left by a meteorite 


Meteorite Types 
Primitive: unchanged in composition since they first formed 4.6 billion years ago 


Processed: younger; have experienced processes like volcanism or differentiation 


Meteorites from Moon and Mars 


A few meteorites arrive from the Moon and Mars. 


Composition differs from the asteroid fragments. 


A cheap (but slow) way to acquire Moon rocks and Mars rocks. 


Pluto the Special Comet 


Pluto's Orbit 


Pluto will never hit Neptune, even though their orbits cross: 

Because of the tilt of Pluto’s orbit, and 

Because their 3:2 orbital resonance (Neptune orbits three times during the time 
Pluto orbits twice) keeps the two safely away from one another. 


What is Pluto like? 


Its moon Charon is nearly as large as Pluto itself (probably made by a major 
impact). 

Pluto is very cold (40 K). 

Pluto has a thin nitrogen atmosphere that will refreeze onto the surface as 
Pluto's orbit takes it farther from the Sun. 


Is Pluto a Planet? 


Much smaller than the terrestrial or Jovian planets 

Not a gas giant like other outer planets 

Has an icy composition like a comet 

Has a very elliptical, inclined orbit 

Has more in common with comets than with the eight major planets 


Stellar, stars, suns 


A STAR IS BORN 


Stars originate from originate from nebulae (clouds of dust and gas). These 
molecular clouds are cold, dark, giant condensation of the dust and molecular 
gas which serve as "stellar nurseries." All the stars including our own sun are 
born from these molecular clouds. 

A nebula will “collapse” into a single mass or “chunk” because of the form of its 
particles’ gravity. 


GRAVITY 


The more particles that gather together and the close the particles get to each 
other, the stronger the force of gravity between them - so the process of 
“collapse” accelerates and intensifies and becomes more violent as particles 
collide and particles compress and form a sphere at the nebula’s heart. 


HEAT 

Meanwhile, the compression exerted by the surrounding mass continues to 
increase. 

If enough mass gathers, the hydrogen nuclei begin to “fuse”. 

This produces helium and an awful lot of heat - which sustains the hydrogen 
fusion. 


PROTOSTARS - “BABY STARS” 


The energy of the particles’ activity turns into heat and the sphere starts to glow. 


SMALL STARS 


Early Life 


Gradually turns into a hot dense clump that begins producing energy. 


Middle Age 


Uses nuclear fusion to produce energy for 10 billion years or more. 


Old Age 


Uses hydrogen fuel and swells up into a huge, cool red giant. 


Death 


Gases disperse and the star becomes a small hot dense white dwarf 


LARGE STARS 


10 Times the size of the Sun 
Early Life 


In a fairly short time turns into a hot dense clump that produces large amounts 
of energy. 


Middle Age 


Uses nuclear fusion to produce energy for only a few million years. 
About 5000 times brighter than our Sun 


Old Age 


Uses up hydrogen fuel and swells up into a red supergiant. 


Death 
Core collapses inward and causes ejection of gases as Supernova. 


Eventually core material packs together as neutron star. 
Ejected gases form nebulae. 


VERY LARGE STARS 


30 times the mass of the Sun 
Early Life 


In a very short time turns into a hot dense clump that produces huge amounts of 
energy. 


Middle Age 


Use nuclear fusion to produce energy for only about 1 million years. 
They are extremely bright. 


Old Age 
Uses up hydrogen fuel and swells up into a red supergiant. 
Death 


Core collapses inward and causes ejection of gases as Supernova. 
Dense material in the core may form a black hole. 


Low Mass Star's life elaborated in great detail. 


Start with a normal star like the Sun. Fusion of protons into helium in the star’s 
center generates heat and pressure that can support the weight of the star. The 
Sun was mostly made of hydrogen 

(1 proton + 1 electron), we call this atom protium when it was born, and started 
with enough hydrogen to last like this for about 15 billion years. 


When it begins to run out of hydrogen in its center, not enough heat and 
pressure are generated to balance the star’s weight, so the core of the star 
gradually begins to collapse. 


As the core collapses it gets hotter, though no extra heat has been generated, 
just because it compresses. 

It gets so hot that light from the core causes the outer parts of the star to 
expand and get less dense, where upon the star looks cooler from the outside. 
The star is becoming a red giant. 


Eventually the core gets so hot that it is possible for helium to fuse into carbon 
and oxygen. Extra heat and pressure are once again generated and the core 
stops collapsing; it is stable until the helium runs out, which takes a few million 
years. The outer parts of the star aren’t very stable, though. 


Eventually the core is all carbon and oxygen, no additional heat and gas pressure 
is generated, and the core begins collapsing again. This time the density is so 
large - the electrons so close together -that electron degeneracy pressure 
begins to increase significantly as the collapse proceeds. 


Electron degeneracy pressure eventually brings the collapse of the core to a halt, 
before it gets hot enough to fuse carbon and oxygen into magnesium and silicon. 
The unstable outer parts of the star fall apart altogether; they are ejected and 
ionized by light from the core, producing a planetary nebula. 


The planetary nebula’s material expands away from the scene in a few thousand 
years, leaving behind the hot, former core of the star, now about the size of 
Earth. Its weight supported against further collapse by electron degeneracy 
pressure, it will do nothing but sit there and cool off, for eternity. 


When brand new, this degenerate star is quite hot and looks white (like Sirius B) 
or even blue in color, leading to the name white dwarf. The oldest “white dwarfs” 
in our galaxy, age about 12 billion years, have had enough time to cool down to 
temperatures in the few thousands of degrees, and thus look red. (Despite this 
they are still called white dwarfs.) 


High mass stars in greater detail. 


The gas cloud is much larger than that which form low mass stars. These gas 
clouds are adapted and attracted together because of gravity. 

It contains more mass meaning it has more gravity and this means the force 
pushing inwards is much stronger and the star gets much hotter. 

A hotter temperature means that the process of fusion will occur at a faster rate 
and this generates a lot of pressure pushing outwards the star to counteract the 
inward force of gravity. 

This process gives birth to a main sequence star and it's characteristics include 
being hot, big bright and color blue. 

These stars use their fuel at a faster rate rate and last for a few million years 
because of the high temperatures. 


As the fuel is used up, the core of the star contracts and heats which produces 
more energy so the star will swell into a giant star and this is just the same as for 
low Mass stars. 

As the core contracts, it has used up the initial fuel which is hydrogen. At this 
moment in time it will start to fuse helium atoms into carbon, neon, silicon and 
oxygen until it forms the largest possible atom which is iron. Iron is the largest 
and most stable atom to be formed by fusion. 

The fusion of different elements happens in the different layers of the star. This 
is because of different nuclei have different masses which makes others get 
attracted by gravity more than the others which will be found on the outer 
layers. 

The iron nuclei at the middle are so stable that no more energy will be released. 
At this point in time there's so much gravity in the star that it collapses on itself. 


The outer layers bounce of the core and triggers an explosion thus ejects all the 
heavy elements which the star has formed into space. This process is called a 
supernova. 


Supernovas generate a loss of energy and this synthesizes other elements such 
as cobalt, nickel, copper, zinc, silver, gold and many more. 

Any element which has an atomic number greater than that of iron-26 is made 
by one of the two processes. 

The two processes are either a supernova or a rare event such as the collision of 
two or more neutron stars or a neutron star and a black hole. 


That's why these heavy elements are rare to find compared with oxygen and 
carbon which are abundant in the galaxy because they are not made in a similar 
process or small nuclei to iron. 


Supernova are extremely bright than the galaxies which they belong to and they 
can be even viewed by naked eye if it happens in our home galaxy. 

An example is the supernova that left the Crab Nebula which was recorded by 
many civilizations in 1054. 

A supernova doesn't leave behind a white dwarf. 

Lower mass stars which are born with a mass less than 8 solar masses leave 
behind a white dwarf. 

Because once reduced to an earth sized core, the gravity is not enough to 
overcome the electron degeneracy pressure. 


A white dwarf will become a kind of one gigantic metallic solid with electron 
cloud around the nuclei pushing against each other and preventing further 
collapse. 

Even still this object is very dense, with one teaspoon of white dwarf weighing 
around 15 tonnes. 


So below around 1,4 solar masses, the maximum mass of a white dwarf which is 
known as the Chandrasekhar limit this is called the destiny/fate of the star. 


White dwarf < 14M 
M = Solar mass 
But for a high mass star, upon its death the core of the star is above the 


Chandrasekhar limit which means it's massive enough for a supernova to occur. 
Hence one of two things will be left behind. 


Star remnant > 1,4M 
1 If the core is between 1, 4 and 3 solar masses. 


After having generated by a star that was originally somewhere in the range 10 
to 40 solar masses. 


~ 10M < original star mass < ~ 40 M 


The core will not be able to support itself against gravity so it will collapse with a 
very massive force which squeezes all the electrons into protons such that they 
will combine to form neutrons and the shockwaves formed from this event are 
what triggers supernova. 


P (+) + e (-) —---> n (0) + v (e) 


The object that remains is a ball of neutrons bunched up together like one huge 
atomic nucleus, the size of New York city containing all the mass originally in the 
center of the nucleus. 

A teaspoon of a neutron star would weigh ten million tonnes. 


2 If the core is greater than 3 solar masses 


Even if the outward pressure of neutrons pressing against each other or neutron 
degeneracy pressure is not enough to stop the huge gravity. 

The neutrons will be compressed together as the remaining mass collapses into 
a single point of infinity density. 

The entire mass will be contained within a volume of zero; this object formed is 
called a black hole. 


The outer layers of the star that have been ejected full of heavy nuclei fused 
during the lifetime of a star and the additional even heavier ones formed during 
the supernova will make a colorful Nebula. But the singularity left behind is 
anything but colorful. 


A black hole warps space-time so much to an extent which even light can't 
escape it's gravity. 

The problem is that the photons can’t escape the black hole, so we can't observe 
anything about them making the study one of the most difficult in physics. 


Stellar life cycle 


When a star forms from a gas cloud of some mass which is almost always 
between 0, 1 and 30 solar masses, a star is produced somewhere along the main 
sequence. 


As the fuel within the core begins to run out, it contracts which raises the 
pressure around the core and pushes the outer layer outward where they will 
then cool producing a red giant, all stars will have a red giant phase when their 
fuel is used up regardless of their mass. 

Then when a star can no longer perform sufficient nuclear fusion so as to counter 
the effects of gravity, it will collapse. 


Main Sequence 


Blue stars 

They are big, hot, and bright and have up to 200 solar masses. 
Yellow stars 

They have the properties in-between and have close to 1 solar mass. 
Red stars 

They are small, cool, dim and have around 0, 1 solar masses. 

Red Giant 

It is red and cool with somewhere between 0, 3 and 8 solar masses. 
White dwarf 


It's tiny and hot with between 0, 2 and 1, 3 solar masses. 


High Energy Collisions 


When nuclei collides with sufficient energy to overcome the repulsion forces due 
to protons, the strong nuclear force takes over and they fuse with a fraction of 


the mass changing into energy as dictated by the Einstein's Mass Energy 
Equivalence. 


E = mc? 


Galaxies 


A galaxy is a huge collection of stars, dust, gas, dark matter and interstellar 
matter isolated in space and bound together by gravity. Most galaxies especially 
those with a bigger size have a big central black hole. They interact with each 
other to form new shapes. There are thought to be over 100 billion galaxies in 
the Universe, mainly residing in clusters and groups. The most well-known 
galaxy is our own Milky Way -and indeed, the term galaxy comes from the Greek 
word ‘gala’, which means ‘milk’. 


Most galaxies have a total mass between 10,000 and 10 trillion solar masses, 
and sizes between a few to over several hundred kilo parsecs (1 kpc = 
3.086:1016 km). The Milky Way contains over 100 billion stars, including the Sun, 
and the stellar disk extends to about 30 kpc in diameter; it also has a stellar halo 
with a diameter of about 100 kpc, and a dark matter halo that may extend well 
beyond this. Within a galaxy, there are vast celestial structures composed of 
stars, planets, gas and dust. 


Types of Galaxies 


Spiral Galaxies 


They have so much gas and dust which is like stellar nurseries. 
They glow bright because they have so many big stars which shine light. 


Our own galaxy the Milky Way is an example of a spiral Galaxy. 


Regions of a Spiral Galaxy 


Spiral galaxies consists of three main components, namely bulge, Disc and Halo. 


Bulge 

A compact group of stars within a large star formation. 

The stars in a bulge are typically a lot older. 

The bulge is at the center piece of a spiral Galaxy. 

Disc 

This is the region of the galaxy which extends outwards from the bulge. 
It has more young stars. 

Stellar Halo 

The halo is less luminous and has a smaller mass approximately less than 1% of 
the star’s mass. 

It contains older stars. 


Globular Clusters 


This is a collection of stars. 


Elliptical Galaxies 


They have an oval shape and they don't have a central bulge. The stars and gas 
are evenly distributed even though the central region seems to be the brightest. 
This is because some of the biggest stars are found on the central part of the 
galaxy. 

They are surrounded by a lot of Globular clusters. They have few gases and this 
they have many low rate of star making leading to less younger stars. 

The largest galaxy in the observable universe is called IC1101 and it's an 
Elliptical Galaxy. These galaxy extents 2 million light years from its center. 


They have so many old stars since they don't make their own stars. 

The stars are close together making the center seem like one night star. 
Planets in this galaxy are lit always and if someone can't sleep during the day 
then they wouldn't love this galaxy. 


Irregular Galaxies 


These are any other galaxies which are neither spiral nor elliptical. 

They can be classified as dwarf galaxies. 

They come in many shapes and forms. 

Some of irregular galaxies are formed when two or more galaxies are involved in 
an accident. 

They can also be the galaxies which never had the opportunity/ chance to evolve 
into either the spiral or elliptical galaxies. 


The local group. 


This consists of about 30 galaxies which include our own Milky Way galaxy, 
Triangulum Galaxy and Andromeda Galaxy and many others. 
It is condensed and the galaxies can be viewed using a bigger telescope at night. 


Interstellar gas 


This dust absorbs visible light from the stars hiding them from our view. 


Night Sky Observations and Analogy 


Just like being in a room filled with smoke where you can't see the walls. It will 
look as if the room is much smaller than it's real size and it looks like you are in 
the centre of the room even if you are near one of the walls. 

Globular clusters were a good clue that something was happening in galaxies. 


These spherical balls of stars orbit the galaxies outside the main body of the 
galaxies. 

They are more of them on one side of the sky which you wouldn't expect if they 
were evenly distributed in space but it's us who are not in the centre, also it's in 
the direction of Sagittarius which is where the glow of the night sky comes from 
mostly. 

The Milky Way is a flat disk with a bulge in the middle. 


Some galaxy terms defined 


Stellar populations 


Galaxies are home to various generations of stars, each with its own 
characteristics, ages and life cycles. 


Central Supermassive Black holes 


These are at the cores of galaxies, exerting a powerful gravitational influence. 


Gas and Dust 


These interstellar materials are necessary in star formation and appearance of 
galaxies. 


Dark matter 


This substance contribute significantly to a galaxy's mass and thus contributes to 
it's gravitational pull. 


Galaxy formation 


Birth and Evolution 


Cosmic Web Galaxies 


They are not isolated. They are connected in a vast cosmic Web of dark matter 
and cosmic filaments. 


Gravitational Clustering 


Gravity plays a fundamental role in bringing matter together leading tj the 
formation of galaxy clusters and groups. 


Proto galactic clouds 


Initial parts of gas and dark matter that eventually evolve into galaxies 


Star relations to Galaxies 


Stellar Nurseries 


These are regions within galaxies where new stars are born. 
In these regions gas and dust coalesce under gravity’s influence. 


Main sequence stars 


Stars spend most of their lifetime in this stability phase where they fuse 
hydrogen into helium. 


Stellar Evolution 


Stars transform as the age, leading to the formation of red giants, white dwarfs 
and even supernovae. 


Stellar feedback 


The influence of stars in their environment from enriching galaxies with heavier 
elements to shaping their surroundings. 


Galaxy evolution 


Mechanisms and factors involved in the change of galaxies over time. 


Mergers and collisions 


Galaxies often interact and merge leading to the formation of new structures and 
changes in their physical appearance. 


Star formation rates 


The ebb and flow of star formation within galaxies play a pivotal role in there 
evolution. 


Environmental impact 


A galaxy's location within a cluster or group can significantly affect its evolution 
and interaction with other galaxies. 


Active Galactic Nuclei (AGN) 


Supermassive Black holes at a galaxy's core can influence it's evolution through 
powerful energy emissions through Hawking radiation. 


Galaxy Observations and Technology 


Telescopes 


These objects focus on distance galaxies. They are used to view the components 
in the galaxy such as stars, and planetary nebula. 


Spectroscopy 
This uses light from different galaxies to analyze different wavelengths helping 


us to get information on the chemical composition and the motion of the 
galaxies. 


Radio Astronomy 


This allows us to detect radio emissions from galaxies, revealing different 
aspects of their structure and activity. 


Multi-Wavelength Astronomy 


This combines data from various wavelengths including visible light radio and 
infrared to provide a holistic view of galaxies. 


The technologies and methods of observation are important to get information 
about galaxy's properties and behaviors. 


Galaxies and the Expanding Universe 


Hubble's law 


It states that the recession velocity between galaxies in directly proportional to 
the separation between the galaxies. 


Red Shift 


The phenomenon when galaxy's light is shifting towards longer wavelengths also 
also called the red side of spectrum due to their motion away from us. 


Cosmological Redshifts 


The expansion of the universe causes an additional redshift in the light being 
observed and analyzed from other other galaxies. 


This gives a good method of measuring cosmic distances. 


Dark energy 


This is the force which is causing the accelerated expansion of the universe. 


Clues for the Formation of the Solar System 


All planets orbit in roughly the same plane about the Sun. 

All planets orbit in the same direction about the Sun. 

Most planets rotate in the same direction. 

There are distinct differences between Inner and Outer planets 


Condensation Temperature 


Condensation occurs when a gas cools and its molecules stick together to form a 
liquid or a solid 

Condensation occurs below a critical temperature that is different for different 
materials 

Metals and rocks: 1300 K to 1600 K 

Water, methane, ammonia “ices”: 100 K to 300 K 


Formation of the SS - Nebular Theory 


Interstellar gas and dust contracts due to gravity 
- Size ~100 AU and ~2 M Sun 

- Hydrogen and Helium and some trace elements 
- Started ~4.6 billion years ago. 

- Gas was very cold. 


Gravity Collapses Cloud 


Cloud collapses, rotates faster 

There is conservation of Angular Momentum -- ice skater pulls arms in, spins 
faster. 

Central core forms. 

Cloud flattens 

There is no rotation to stop collapse 


Disk Forms 


High pressure near center pushing inward (gravity) 
Temperature near center increases 
Proto-Sun begins to glow 


Planetesimals Form 


Material in cloud clumps and collides 
- Form larger bodies through accretion 


Temperature high near proto-Sun. 

- Ices and gases in inner regions are vaporized 

- Planetesimals cannot hold on to light elements; 
- Lighter material moves outward 

- Only heavier elements remain near Sun. 


Planets Form 


Outer planets form from all material 

- Cooler away from Sun 

- Planets can capture gases 

- Mainly gases (H and He), little rock and metal. 


Inner planets form from rock and metals. 
- Warmer near Sun 
- Only heavier elements remained near proto-Sun 


Planets are differentiated 


Denser material moves inward in a liquid or gaseous planet 
Terrestrial planets were molten during early stages. 

- Metals found closest to center 

- Rocky material in outer parts of planet 


Sun Forms 


Sun obtains sufficiently high pressure and temperature in core to start fusion 
(converts hydrogen to helium and produces energy) 

Gravitational contraction ends when energy balance achieved via core fusion 
This is the time it officially becomes a star. 


Solar System Today 


Process took ~100 million years. 

Planets are still bombarded by left-over material (asteroids, meteoroids, and 
comets). 

99.8% of the total mass is in the Sun; it’s nearly a thousand times more massive 
than everything else combined! 


“There is an infinite number of worlds, some like this 
World, others unlike it” 

Epicurus - letter to herodotu 

S (~300 B.C.) 


Exoplanet 


These are parents which are not in our solar system. They are also defined as 
worlds that exist outside our solar system. They don’t orbit our sun. Some of 
them orbit one star while others orbit more than one star. 

A planet is an object orbiting a star, massive enough to have achieved an almost 
spherical shape and to have cleared the proto planetary disc where it was born 
of dust and debris. They differ in this from dwarf planets (such as Pluto), which 
do not have enough mass to clear the protoplanetary disc area. 


History of Exo-planets 


The first detection of an extra solar planet occurred in 1992 when the 
astrophysicists Aleksander Wolszczan and Dale Frail discovered three extra solar 
planets. They were found in an unexpected environment, orbiting the pulsar 
PSR1257+12. 

In 1995, the Geneva-based astronomers Michel Mayor and Didier Queloz 
detected the first extra solar planet around a “normal” (main sequence) star, 51 
Pegasi. The planet, named 51 Pegasi b, has around half the mass of Jupiter and 
whizzes around its parent star in just over four Earth days, lying almost eight 
times closer to it than Mercury is to the Sun. 

Since 1995, this area of astronomy has become a very dynamic research field 
and astronomers have found over 350 extrasolar planets (as of April 2009), using 
a host of techniques. 


Searching for extra solar planets is like looking for the proverbial needle in a hay- 
stack. Planets emit little or no light of their own, while their host stars shine 
brightly. 


Seeing the light from a distant planet is like spotting a dim candle in front of a 
raging forest fire. 


Method of study 


They are mostly studied using telescope either on the ground or those in space. 
There are many Exo-planets since there are more planets as compared to stars. 


There are certain stars which allow Exo-planets to last longer. 

Bigger stars burn hotter thus doesn't last longer. 

Smaller stars such as our sun and red dwarf stars may provide the conditions 
necessary for Exo-planets. 

They are difficult to see due to their smaller size, their distance being far from us 
and the stars which they orbit provides more light which makes it difficult to view 
them. 


The size, mass, weight and how far they are from their stars can also be 
detected. 

These primaries can be used to derive secondary data such as their surface 
temperature, if they have atmosphere and even the gases in their atmospheres, 
whether they are rock planets eg Mars or gaseous planets like Jupiter. 


Scientists are studying habitability on different planets this will help us 
understand life on other galaxies. 


Classification of Exo-planets 


Neptune like 


These are giant and gaseous 


Hot-Jupiter 


These Exo-planets have high surface temperature because they orbit closely to 
their home stars. They are gas Giants. 


Super Earth's 


They are smaller than gas Giants but larger than our earth. 
Most of them are terrestrial meaning that they are made of rocky or icy 
materials. 


Earth Analogy 


This is similar to earth to Earth in various ways such as size, composition, 
distance form home stars and other properties. 


Method of Discovery 


Nowadays six investigative tools are used to spot hidden extra solar planets. 


Direct detection 


Direct Imaging 


When the light of the stars is blocked, light transmitted from the stars can be 
observed by telescopes and then it's deduced that there is an exoplanet orbiting 
the star. 


Indirect detection 


Radial velocity/ The Doppler Technique 


Imagine when a big person is holding hands with a young child and then the start 
to orbit. Obviously with two people of the same size, we theoretically expect 
them to orbit in the same circle. All of them moving at the circumference of the 
circle while the distance between them is the diameter of this circle and their 
middle is the center of the circle. Now with people of different masses, by 
circular motion we will deduce that the bigger person will move in a circular 
paths which is smaller than that of the kid. The circle of the bigger person has 
smaller radius and smaller circumference. Whilst that of the kid has has a bigger 
radius and and bigger circumference. 


This is the same as for what happens between planets and their stars. When a 
planet is orbiting around a star, it moves in a circular paths with a very big 
circumference (orbit). The star itself is also moved but this is difficult to observe 
because stars are very massive compared to the planets. In scientific world, we 
measure the velocity of stars as a function of time. Then by plotting the graph, 
we will see some unexpected periodic trends which process the existence of a 
planet orbiting this star. 


Astrometry 


This method observes the movement of a star in relation to the other stars 
nearer to it. There are some unexpected outcomes which are recorded and they 
will have been contributed by the existence of an exoplanet orbiting that star. 


Transits 


When planet passes between its star and the earth, it dims it's star's light. This 
method is used so much. 


Gravitational Micro lensing 


This observes how light from a star is bent due to the planet’s gravity. It uses 
general relativity, when light photons are bent by the action of gravity. 


How do scientists learn about the atmosphere? 


When light moves from the planet to us, the atoms in the atmosphere absorb a 
certain wavelength/ frequency of light. As a result when the light reaches us, we 
can see what wavelength/ frequency of the light form the star was absorbed. We 
then compare these results to see what atoms are present in the Exo-planet’s 
atmosphere. Different atoms absorbs different frequencies, so if we see a certain 
wavelength/ frequency missing here at our observations on earth, then we know 
that some atoms in the Exo-planet's atmosphere have absorbed than missing 
wavelength/ frequencies. As a result we can use this technique tk deduce the 
atoms present on the Exo-planet's atmosphere and the composition. 


Searching for Exo-planets using a telescope. 


Trying to search for Exo-planets using telescopes is extremely difficult. It's just 
the same as when you are trying to spot a fly which is between you and a tower 
light using your naked eye when the tower light is switched on and that light is 
pointing in your direction. The Exo-planets are outshined by their home stars 
which makes it difficult to study them using visible spectrum telescopes. 


Exo-planets and Current technology 


The current focus of research into extra solar planets is to develop the theories 
and understanding of planetary formation, and to understand how the Solar 
System developed and what its future might be. However, what makes extra 
solar planets truly fascinating for most is the possibility of finding another world 
that has life. 

Exobiology is concerned with the study of life outside of the Earth. The concept 
of “life” is subject to debate, but there is agreement in defining the features that 
could permit the development of carbon-based life: 


A planet should have a mass of between 1 and 10 terrestrial masses, be big 
enough to hold its atmosphere, but not so massive that it keeps too much 
hydrogen. 


A planet must be in the habitable zone, sometimes called the Goldilocks Zone, 
which is defined as the band around a star where water can be liquid. This 
means that a planet can neither be too close nor too far from its star, as water 
would be either gaseous or icy respectively. 

Exobiology is not a focus of current extra solar planet research projects, but is 
one for the future. Future spectroscopic missions — ESA's Darwin and NASA’s 
Terrestrial Planet Finder missions — are planned for launch over the next decade 
and will search for oxygen, carbon dioxide and chlorophyll. 


SIGNIFICANT DATES WHEN MOONS WERE DISCOVERED 


1610 — Galileo Galilei and Simon Marius independently discover four moons 
orbiting Jupiter. Galileo is credited and the moons 

are called “Galilean.” This discovery changed the way the solar system was 
perceived. 


1877 — Asaph Hall discovers Mars’ moons Phobos and Deimos. 


1969 — Astronaut Neil Armstrong is the first of 12 humans to walk on the surface 
of Earth’s Moon. 


1979 — Voyager 1 photographs an erupting volcano on Jupiter’s moon lo; the 
first ever seen anywhere other than Earth. 


1980 — Voyager 1 instruments detect signs of surface features beneath the hazy 
atmosphere of Saturn’s largest moon, Titan. 


2005 — The Cassini spacecraft discovers jets or geysers of 
water ice particles venting from Saturn’s moon Enceladus. 


2000-present — Using improved ground-based telescopes, the Hubble Space 
Telescope, and spacecraft observations, scientists have found dozens of new 
moons in our solar system. Newly discovered moons (as well as other solar 
system objects) are given temporary designations until they are confirmed by 
subsequent observations and receive permanent names from the International 
Astronomical Union 


Atmosphere and Gravity on different planets 


The atmosphere is retained by gravity 
Whether gases can stay in a planet’s atmosphere depends on the combination of 
the following three factors: 


Planet’s mass and size: gravity can retain gas particles. 
Gas composition: light gases run faster than heavy gases. 
Temperature: gases at higher temperature run faster. 


When an object has a high enough speed, it can escape from the planet’s gravity 
(think about how we launch a rocket). The escape speed is: 


v=v (2GM/R) 


v = escape velocity from the surface of the planet 

M = mass of the planet (kg); 

R = radius of the planet (m); 

G = gravitational constant = 6.67 x 10-11 N m*2/kg~*2. 


Spectroscopy more accurately reveals the chemical composition of the surface 
and atmosphere of planets. 


The spectrum of a planet or satellite with an atmosphere reveals the 
atmosphere’s composition. 
If there is no atmosphere, the spectrum indicates the composition of the surface. 


The substances that make up the planets can be classified as gases, ices, or 
rock, depending on the temperatures at which they solidify. 

The terrestrial planets are composed primarily of rocky materials, whereas the 
Jovian planets are composed largely of gas. 


Atmosphere composition 


This reveals the most abundant elements on the surface of the planet. 

We can use absorption spectra to detect the abundant element on the surface of 
a planet. 

The amount of absorption depends on the abundance of the elements and 
temperature and density of the atmosphere. 


Cratering and age 


Cratering on planets and satellites is the result of impacts from interplanetary 
debris 


When an asteroid, comet, or meteoroid collides with the surface of a terrestrial 
planet or satellite, the result is an impact crater. 

Geologic activity renews the surface and erases craters, so a terrestrial world 
with extensive cratering has an old surface and little or no geologic activity. 


Some Ancient Philosophies 


Observing the Sky: The Basic Facts 


Earth is a Sphere 


Daily motion of celestial sphere (stars) 

Stars don’t change their relative positions 
Annual motion of Sun with respect to stars 
Moon’s motion with respect to fixed stars 
Planets motion with respect to fixed stars weird 


The Aristotelian Universe: 
Earth is in center! 


Planets, including Sun, move around earth, affixed to crystal spheres 
The Universe is finite, has edge 


Two distinct regions of the cosmos: 
(1) The Heavens (superlunary) 
- perfect, no change, circular motions 


(2) Terrestrial (sub lunar) 
- Change (turmoil), non-circular motions 


The Aristotelian Universe: 


A coherent framework of all of nature 


Astronomical concepts tied up with terrestrial physics (theory of motion) 
Theory of gravity depends on Earth being in center of the universe! 


Finite universe, bounded by spherical edge: 


There cannot exist a vacuum (plenum theory) 
Cosmos is eternal, guaranteed by spherical motion. 


Space Explorations and its Future 


Planetary exploration missions are conducted by some of the most sophisticated 
robots ever built. Through them we extend our senses to the farthest reaches of 
the solar system and into remote and hostile environments, where the secrets of 
our origins and destiny lie hidden. The coming years of solar system exploration 
promise to be the most exciting and productive yet, as we explore entirely new 
worlds and probe in even greater detail the fascinating environments we have 
discovered. 


